A key area in marine antifoulant research is the discovery of new environmentally friendly solutions that prevent biofilm formation and associated biocorrosion. Taking into consideration the natural mechanisms of marine organisms to protect against epibiosis, new biomimetic solutions can be utilised against biofouling, and marine bacteria are promising agents. Therefore, the goal of this study was to identify 
Introduction
Biofouling is the undesirable colonisation of man-made surfaces by microorganisms, macroalgae and invertebrates, leading to their subsequent biodeterioration. The bacterial colonisation of marine surfaces and subsequent macrofouling is a ubiquitous phenomenon (Harder, 2009 ) that causes enormous damage to marine structures built for commercial purposes (Dexter et al., 1993) and affects surfaces such as ship's hulls, building materials and water intake systems, due to premature corrosion (Hellio and Yebra, 2009) , as well as decreased fuel efficiency and the introduction of new species into other ecosystems (Yebra et al., 2004) .
The key in marine antifoulant research is to identify compounds that show antimicrobial activity and prevent formation of biofilms on ship hulls or installations such as oil rigs. Marine sponges offer a great potential in the search for antifoulant compounds, because several have shown AF activity (e.g., Hattori et al., 1998 , Fusetani, 2004 , Ortlepp et al., 2007 , Qiu et al., 2008 , Limna Mol et al., 2009 , Hertiani et al., 2010 , Blihoghe et al., 2011 , Dobretsov et al., 2011 , Wright et al., 2011 , Wu et al., 2012 , Xu et al., 2012 and SantosAcevedo et al., 2013 and others can modulate biofilm formation in a non-microbiocidal manner (Stowe et al., 2011) . However, abundant microorganisms are associated with sponges and either reside on the sponge surface as epibionts or within the canal system as endobionts , Usher et al., 2004 , Erwin et al., 2011 , Vasundhara et al., 2012 , Satheesh et al., 2012 and Papaleo et al., 2012 . These organisms can constitute up to 60% of the total volume of sponge and have a large influence on the host metabolism and nutrient recycling (Wilkinson, 1980) . The fact that sponge-associated bacteria produce bioactive metabolites, which were originally isolated from sponges, supports the hypothesis that some of the compounds formerly ascribed to sponges have a microbial origin (Stierle et al., 1988 , Shigemori et al., 1992 and Oclarit et al., 1994 .
Although marine microbes are a promising source of antifoulant compounds, only a small number of marine bacteria have been screened to date and few compounds have been successfully extracted (Qian et al., 2007) . Several benefits are associated with the use of microorganisms as a source of compounds. The first advantage is that bacteria can be grown easily and can produce a large amount of compounds in a short time, compared with invertebrates and algae. In addition, strains of bacteria of the same species can produce different bioactive compounds under different culture conditions and therefore increase the number of potentially useful compounds (Armstrong et al., 2000) . However, bacteria of marine origin constitute a potential resource of novel bioactive substances for other reasons; the evolution of marine life forms has involved exposure to environmental conditions different from that of their terrestrial counterparts and they have thus evolved novel molecules or compounds with increased activity (Nair and Simidu, 1987 and Barbier and Prieur, 1991) .
In recent years, considerable attention has focused on the study of microorganisms, especially of marine bacteria capable of producing antifouling metabolites in association with marine invertebrates (Holmström and Kjelleberg, 1999 , De Rosa et al., 2000 , Egan et al., 2000 and Satheesh et al., 2012 . Sponges of the genus Aplysina are characterised by a high abundance of associated bacteria (Friedrich et al., 1999 , Friedrich et al., 2001 and Hentschel et al., 2006 . For this reason, the aim was to probe the antifouling potential of bacteria isolated from the sponge, Aplysina gerardogreeni, from the Gulf of California in different seasons, to determinate whether bacteria possess antifouling activity and whether this activity was associated with specific seasons.
Materials and methods

Collection of sponges and isolation of bacteria
Aplysina gerardogreeni was collected bimonthly by scuba diving in Punta Arena, Baja California Sur, Mexico (24°03′40″N and 109°49′52″W). Sponge specimens were placed into sterile plastic bags, cooled on ice and transported immediately to the laboratory.
Under sterile conditions, 5 g sponge tissue was excised, was briefly washed in 70% ethanol and immediately immersed in sterilised and filtered seawater (SW) and ground using a mortar (Webster and Hill, 2001 ). The homogenate was diluted in sterile water, 100 μL of the mixture were plated onto tryptic soy agar (TSA) supplemented with 2.7% NaCl and incubated at 35 °C for 24 h. One representative of each morphotype was transferred to new plate for isolation.
Biochemical tests were performed in accordance with Barrow and Feltham (1993) , using a pure strain inoculate of 24 h for each test: 1) aerobic/anaerobic growth, 2) oxidase activity, 3) catalase activity, 4) acid and/or gas production from carbohydrates, 5) oxidation of glucose, 6) methyl red, and 7) Voges-Proskauer.
Bacterial extracts
The bacterial isolates were grown in 100 mL tryptic soy broth (TSB) culture medium supplemented with 2.7% NaCl and incubated at 35 °C for 5 or 6 d to increase strain biomass. The extraction was performed at room temperature, using a 100 mL mixture of hexane and ethyl acetate (6:4 v/v) shaken constantly for 1 h.
The organic phase was evaporated to dryness on a rotary evaporator at 37 °C to obtain bacterial extracts.
Antifouling assay
Stock solutions of bacterial extracts were prepared in methanol (as a carrier solvent) with final concentrations of 0.01, 0.1, 1, 10 and 50 μg mL −1 . An aliquot (100 μL) of these solutions was pipetted into 96-well plates. After methanol evaporation, the plates were sterilised in a UV sterilisation cabinet (Scie-plas G/E UVSC) for 30 min before being aseptically removed and inoculated with microorganisms and sealed.
The qualitative assays of each concentration were run with six replicates. The bacterial extracts were considered active if four of six wells showed inhibition. Culture medium with the extract was used as positive control and wells free from extracts (only evaporated methanol) were inoculated with microorganisms suspension as a negative control (Chambers et al., 2011) .
Antibacterial bioassay
Antibacterial assays were performed against a range of bacteria involved in biofouling (Plouguerné et al., 2008 , Thabard et al., 2009 , Plouguerné et al., 2010 and Chambers et al., 2011 . These bacteria have wide The bacterial cultures were diluted according to the Amsterdam method (Amsterdam, 1996) to give a cell density of 2 × 108 cells mL −1
. Microplates that were coated with extracts were inoculated with 100 μL bacterial cell suspension and incubated at 20 °C for 48 h. After incubation, all the wells were compared visually with the control; a clear well indicated growth inhibition (Chambers et al., 2011) . (Haptophyta, Prymnesiophyceae, Coccolithales, Pleurochrysidaceae). These strains were chosen as they are important microfoulers (Chambers et al., 2011; Bressy et al., 2010 , Gastineau et al., 2012 and Jellali et al., 2013 .
Antimicroalgal bioassay
All strains were cultivated using f/2 media (Guillard and Ryther, 1962) ) and all wells were compared visually with the controls; a clear well indicated growth inhibition (Chambers et al., 2011) .
Bacterial identification
Bacterial strains that showed the greatest activity were identified by partial sequencing of 16S rRNA gene fragments. The DNA was obtained using a method modified from Sambrook and Russell (2001) and Ausubel et al. (2002) . The PCR amplicons were purified and DNA was sequenced by MACROGEN in Korea. Searches of the Genbank database were performed using the BLAST program at the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov) and sequencing data were analysed by comparing the sequences of nearest relatives found by BLAST searching.
Results
Bacterial identification and biochemical characteristics
The DNA analysis showed that the bacteria associated with the sponge were related to Bacillus, Micrococcus, Paracoccus, Pseudobacter, Pseudovibrio, Psychrobacter, Staphylocuccus and Terribacillus genera and their biochemical characteristics are shown in Table 1 . Of the bacteria, 50% showed growth under anaerobic conditions, 100% were positive for the catalase test and 63% for the oxidase test. The tested assimilation of carbohydrates revealed that the majority metabolised glucose (88%). An oxidative metabolism was shown by 75% bacteria, fermentation by 12.5% and the remaining 12.5% had the ability to both oxidise and ferment. 
Antibacterial bioassay
In this study, 63 strains were isolated from A. gerardogreeni and the bioassay showed that 87% of spongeassociated bacteria were active, but only sixteen could be considered to have a good antifouling potential.
The most active extracts against the marine bacterial strain showed activity against at least one marine bacterial strain with minimum inhibitory concentration (MIC) ranging from 0.01 to 0.1 μg mL −1 ( Table 2 ). ) (Fig. 1A) . , ■ 50 μg mL −1 ).
Antimicroalgal bioassay
In the bioassay against microalgae, the extracts of Bacillus pumilus and B. subtilis showed the best activity, with a MIC between 0.01 and 1 μg mL −1 and the extracts from Bacillus sonorensis, Psychrobacter sp. and Staphylococcus sp. were only active against microalgae (Table 3 ). The most sensitive strain was Cylindrotheca closterium; 80% of extracts were able to inhibit their growth, mostly at concentrations between 0.1 and 1 μg mL −1 (Fig. 1B) . 
Temporal variation in antifouling activity
The screening for antifouling activity over one year demonstrated that active extracts showed temporal variations. June and February provided the largest percentages of extracts active against marine bacteria (23 and 22% respectively), and October the smallest (5%) (Fig. 2A) . The temporal variation of activity against microalgae was very similar to that marine bacteria; the largest number of active extracts from microalgae was obtained in February and June (35 and 32% respectively), whereas in October and December, no extracts were found active (Fig. 2B) . Antifouling Bacillus strains were dominant and their extracts were active against bacteria throughout the year and against microalgae only in four months. In both cases the highest activity was in February ( Fig. 2A and B). Staphyloccocus extracts showed antibacterial activity in all months except for August, whereas
Pseudovibrio and Micrococcus strains were detected and produced active extracts in two months.
Sporosarcina, Paracoccus and Terribacillus were isolated in only a single month and their extracts were active ( Fig. 2A) . With the exception of Bacillus, the bacteria that produced extracts active against microalgae were very specific and only showed activity at a particular time. Staphylococcus was active only in April and February, Psychrobacter in April and June. And the other extracts were active only in one month (Fig. 2B) .
Discussion
The present study indicates that marine bacteria associated with the sponge A. gerardogreeni, exhibit inhibitory activity against two important groups of organisms involved in microfouling (bacteria and microalgae). The major number of these culturable bacteria identified by partial sequencing of the 16S rDNA gene, were phyllogenetically closer to the order Firmicutes.
Biochemical test showed that the microbial isolates were versatile chemo-heterotrophs, aerobes or facultative anaerobes, with a fermentative or respiratory metabolism. They were capable of fermenting carbohydrates, and most were catalase positive. These metabolic capabilities reflected their colonisation of the diverse habitats offered by the host (Gunn and Colwell, 1983 , Logan and Berkeley, 1984 and Holt et al., 2000 .
There is growing evidence that microorganisms associated with sponges are a source of bioactive metabolites (Fenical, 1993 , Unson et al., 1994 and Selvin et al., 2010 and display inhibitory effects on the growth and attachment of microbes competing for the same niche (Holmström et al., 1999; Boyd et al., 1999) . In terms of chemical ecology, some epibiotic microorganisms might play a role in protecting the host indirectly by releasing chemicals that prevent colonisation by other organisms (Yang et al., 2006) .
Some marine bacteria belonging to the family Vibrionaceae and genus Pseudoalteromonas and
Roseobacter, produce compounds that can reduce bacterial biofilm formation and settlement by other microorganisms ( Dobretsov and Qian, 2004 , Rao et al., 2006 and Bowman, 2007 . However, to date, only a limited number of marine bacteria have been used to assess antifouling activity, such as the bacteria, Pseudoalteromonas luteoviolacea, Pseudoalteromonas tunicata and Pseudoalteromonas aurantia isolated from sponges and algae, which inhibited the growth of other bacteria in the marine environment . In this study, the most active isolates were closely related to Bacillus species and moreover, showed a broader spectrum of activity, which agrees with the findings of Baam et al. (1966) .
Similarly, Burgess et al. (2003) found that B. pumilus, B. licheniformis and B. subtilis isolated from macroalgae and a nudibranch, produced antibiotic compounds that inhibited bacterial adherence.
Furthermore, species of Bacillus showed inhibitory activity against bacteria and biofilm-forming microalgae ( Satheesh et al., 2012) .
Gram-positive bacilli have a higher antifouling activity than Gram-negative species against the studied microorganisms. In the terrestrial and marine environment, Gram-positive bacteria are well known as producers of biologically active secondary metabolites. Genome studies have revealed that more than 3% of bacteria contain genes that encode components of metabolite biosynthesis, such as non-ribosomal peptide synthetase required for the biosynthesis of active compounds (Donadio et al., 2007) . The Bacillus genus is one of the groups of microorganisms with a high potential biomedical use (Fenical and Jensen, 1993) . They have been isolated with regularity from various invertebrates and have been extensively studied for the production of metabolites with antibacterial, non-stick properties, algicide activity and several pharmacologically useful compounds (Ivanova et al., 1999 , Jeong et al., 2003 , Pabel et al., 2003 and Zhang et al., 2004 , which have a high potential in the search for novel antimicrobial substances (MuschollSilberhorn et al., 2008) . Marine strains of B. cereus have been widely implicated in the biofouling of marine installations, together with microalgae and compounds that inhibit these organisms and might have potential application in AF technologies. Thakur and Anil (2000) , while studying the sponge Ircinia ramosa, also concluded that species of the genus Bacillus were dominant and demonstrated good antibacterial activity in the two seasons that were studied. It has been reported that B. brevis, B. cereus, B. circulans, B. laterosporus, B. licheniformis, B. polymyxa, B. pumilus, and B. subtilis isolated from different substrates produce antibiotics (Madigan et al., 2005) . Recent studies have shown the potential of sponge-associated
Bacilli to produce antimicrobial compounds, such as the SAB1 strain of B. licheniformis isolated by Devi et al. (2010) , and wider screening of these bacteria might aid the development of novel drugs.
The most important secondary metabolites isolated from Bacillus are peptides synthesised on the ribosome, commonly lethal to bacteria closely related to the producer (Riley and Wertz, 2002) . This might explain why bioassays of antifouling agent activity were found to produce good results with extracts obtained from Bacillus isolated from Aplysina against other Bacillus strains (Desriac et al., 2010) . It has been recently demonstrated that sponge isolates with antimicrobial activity from this genus are very abundant.
This might account for the susceptibility of the test species Bacillus to the extracts of Bacillus species found in symbiosis with sponges and provides evidence that bacterial secondary metabolites play a role in inhibiting the colonisation of competing bacteria across species, as shown by the inhibition of B. subtilis (more sensitive strain tested) by extracts from other Bacillus species.
Species of Pseudovibrio genus have been obtained worldwide from a variety of sponges and it is believed that they are restricted to members of the phylum Porifera and have never been isolated from surrounding water samples (Enticknap et al., 2006) . In this study, the strain identified as Pseudovibrio sp. showed high activity (0.01 μg mL −1 ) against bacteria and microalgae. Same activity was observed for strains of Staphylococcus, Micrococcus and Psychrobacter. Recent research has found that same species isolated from sponges exhibit antimicrobial activity (Ivanova et al., 1999 , Jeong et al., 2003 , Ortega-Morales et al., 2008 , Berrue et al., 2009 , Santos et al., 2010 and Musthafa et al., 2011 .
The screening for bioactive bacteria over a one year period, demonstrated that the activities of extracts obtained from the strain isolated from A. gerardogreeni varied between months. This indicates that temporal screening is important if different bioactive bacteria are to be isolated. A clear trend in antifouling activity was observed against marine bacteria, with extracts of bacteria isolated from February and June being the most active, with a minimum of activity in October. The extracts from February were also the most active against microalgae. These results agree with previous research demonstrating that antifouling activity varied over a year . Bernbom et al. (2011) observed a significant difference in the number of antifouling bacteria isolated in Denmark in different months, with the largest numbers in August and November. Maréchal et al. (2004) reported that the antifouling activity of Bifurcaria bifurcata (brown alga), was highest during spring and summer, when the fouling pressure was most intense and when values for water temperature and light intensity were high. In our case, August was the month with the maximum water temperature, however, a relationship to increased antifouling activity was not observed.
In the A. gerardogreeni sponge, the production of antimicrobial substance might confer several functions to a microorganism inhabiting this particular niche . In this case, the high density as well as the taxonomic diversity of bacteria within the sponge mesohyl might create an environment conducive to the production of antimicrobials and other defence compounds .
Marine sponges are a potential source of less toxic and more specific natural antifoulants, but obtaining a sufficient supply of antifouling compounds from them is always difficult ( Hill, 2004) . So far, only a limited number of marine bacteria have been tested with regard to the production of antifouling compounds ( Hill, 2004 and Kwong et al., 2006) .
The advantages of microorganism as source of antifouling compounds is that 1) they can be cultivated to produce large quantities of metabolites, 2) and they have been the focus of bio-inspired applications research (Ralston and Swain, 2009 ), because they can be used in coatings or via microencapsulation to prevent biofouling Yee et al., 2007) . The results in our study indicate that bacteria associated with A. gerardogreeni such as Bacillus, Micrococcus, Paracoccus, Pseudobacter, Pseudovibrio, Psychrobacter, Staphylocuccus and Terribacillus have the potential to be used as antifoulant agents.
Conclusion
This study evaluated the bioactivity of some sponge-associated bacteria and identified at least 50% of these marine bacteria as having good antifouling potential. It also confirmed that bacteria associated with A.
gerardogreeni, which were isolated from the tryptic soy agar (TSA) culture medium, are a good source of active compounds for use as antifouling agents.
Bacterial extracts showed temporal variation, with the best MIC against marine bacteria and microalgae during February and June. Extracts of bacteria from the genus Bacillus were most active, and therefore most promising.
